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A new autosomal recessive retinitis pigmentosa
locus maps on chromosome 2q31-q33
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Abstract
Autosomal recessive retinitis pigmentosa
(ARRP) is a genetically heterogeneous
disease. To date, mutations in four mem-
bers of the phototransduction cascade
have been implicated in ARRP. Addition-
ally, linkage of the disease to three loci on
lp, lq, and 6p has been described.
However, the majority of cases are still
uncharacterised. We have performed
linkage analysis in a large nuclear ARRP
family with five affected sibs. After exclu-
sion of several regions of the genome
known to contain loci for retinal dystro-
phies, a genomic search for linkage to
ARRP was undertaken. Positive lod
scores were obtained with markers on
2q31-q33 (Zmax at 0=0.00 of 4.03, 4.12,
and 4.12 at D2S364, D2S118, and D2S389,
respectively) defining an interval ofabout
7 cM for this new ARRP locus, between
D2S148 and D2S161. Forty-four out of 47
additional ARRP families, tested with
markers on 2q32, failed to show linkage,
providing evidence offurther genetic het-
erogeneity.
(JMed Genet 1998;35:141-145)
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Retinitis pigmentosa (RP) is a group of inher-
ited eye disorders characterised by night
blindness, constriction of visual fields, pho-
toreceptor degeneration, retinal pigment
deposition, and diminished electroretino-
graphic response. It is one of the more

common causes of genetic blindness, with a

prevalence of 1/3000-7000.' RP is both
clinically and genetically heterogeneous, com-

prising X linked, autosomal dominant, and
autosomal recessive forms. Even within each
type of RP there is further non-allelic
heterogeneity.2
Autosomal recessive retinitis pigmentosa can

be caused by mutations in the rhodopsin
(RHO),3 the a,' or f3-7 subunits of the cGMP
phosphodiesterase (PDEA and PDEB, respec-

tively), or the a subunit of the cGMP gated
channel (CNCG)8 genes. So far, mutations in
the PDEB gene have been shown to explain
5-10% of cases, and therefore it constitutes the
most prevalent locus characterised. Genetic
linkage between ARRP and markers on 1q9 10

and 6p" has been reported in large kindreds
from The Netherlands, Pakistan, and the

Dominican Republic. Very recently, we
have mapped a new ARRP locus on lp in a
Spanish family.'2 But to date, despite extensive
studies, the molecular defect responsible for
ARRP remains unidentified in most of the
cases.
Here we describe a linkage study based on a

large Spanish ARRP pedigree (named P-2) in
which PDEB involvement had been previously
ruled out.6 In this work we excluded the
remaining genes and loci known to be involved
in autosomal RP and in several other retinal
dystrophies. Subsequently, a systematic search
of the genome led us to identify a new ARRP
locus on 2q.

Materials and methods
FAMILIES
Family P-2 comes from the south of Spain.
Parents I.1 and I.2 are third cousins. The addi-
tional 47 small ARRP families have been
described elsewhere. 13 14

CLINICAL EVALUATION
All members of family P-2 were examined by
ophthalmologists either in the Hospital Virgen
del Camino in Pamplona or in the Hospital de
la Santa Creu i Sant Pau, Barcelona. The
clinical diagnosis was based on complete oph-
thalmological examination, including meas-
urements of visual acuity, ophthalmoscopy,
dark adaptation, perimetry, and ERG ampli-
tudes.

ANALYSIS OF DNA POLYMORPHISMS
Genomic DNA was prepared from peripheral
blood lymphocytes as described previously.'5
Markers at the PDEB'6 and RHO'7 loci, as well
as all the anonymous markers used in this
study, were from the Map Pairs set (Research
Genetics, AL) and were analysed according to
the manufacturer's instructions. Primers and
conditions for examining the polymorphisms at
the remaining genes have been described else-
where: peripherin/RDS,'8 ROMI,'9 RCV1,'4
NRL (A Swaroop, personal communication),
and PDEG.20 The polymorphism in exon 16 of
the S-antigen gene2' was detected by hybridisa-
tion with allele specific oligonucleotides
(ASOH).22

LINKAGE ANALYSES
The reference genetic map used for this study
was that reported by Gyapay et al.23 The allele
frequencies were obtained from the Genome
Data Base (GDB). Two point linkage analysis
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Table 1 Results of clinical examination offamily P-2 members

Family Age of onset
members Age (y) (y) Sex Visual acuity Fundus Visualfield ERGR ERGC ERGRC

1.1 73 - M OD-1 Nor Nor OD-200 OD-80 OD-340
OS-1 OS-180 OS-56 OS-332

1.2 63 - F OD-1 Nor Nor OD-270 OD-95 OD-438
OS-1 OS-444 OS-108 OS-520

IL.1 42 18 M OD-0.2 RP-D TV OD-0 OD-0 OD-0
OS-0.2 OS-0 OS-0 OS-0

II.2 41 - M lO-l Nor Nor OD-390 OD-118 OD-450
OS-1 OS-450 OS-120 OS-510

II.3 39 - F OD-1 Nor Nor OD- OD- OD-
OS-1 Os- Os- OS-

II.4 38 - F OD-1 Nor Nor OD- OD- OD-
OS-1 OS- OS- OS-

II.5 36 20 F OD-0.05 RP-D LSP-CS OD-0 OD-0 OD-0
OS-0.05 OS-0 OS-0 OS-0

II.6 34 - F OD-1 Nor Nor OD-600 OD-170 OD-760
OS-1 OS-400 OS-180 OS-600

II.7 33 - F OD-1 Nor Nor OD-420 OD-153 OD-504
OS-1 OS-400 OS-123 OS-540

II.8 31 - F OD-1 Nor Nor OD- OD- OD-
OS-1 OS- OS- OS-

II.10 28 20 F OD-0.4 RP-D LSP OD-32 OD-30 OD-60
OS-0.4 OS-112 OS-80 OS-100

IL. 1 27 - M OD-1 Nor Nor OD-510 OD-170 OD-690
OS-1 OS-540 OS-140 OS-730

I.12 26 - M OD-1 Nor Nor OD-500 OD-196 OD-678
OS-1 OS-490 OS- 168 OS-650

I.14 24 20 M OD-0.9 RP-D LSP OD-240 OD-85 OD-270
OS-0.9 OS-208 OS-100 OS-224

I.15 23 15 M OD-0.1 RP-D LSP-CS OD-0 OD-0 OD-0
OS-0.1 OS-0 OS-0 OS-0

Fundus (RP-D: diffuse loss of the RPE, Nor: normal); visual field (LSP: loss of retinal sensitivity in far periphery, CS: central
scotoma, TV: tunnel vision), ERGR, ERGC, and ERGRC (rod, cone, and rod-cone b wave amplitudes in the electroretinogram;
lower limit normal b wave is 250, 100, and 350 microvolts, respectively).

was performed using the MLINK program
from the LINKAGE package, version 5.1.24
Complete penetrance and a disease allele
frequency of 0.015 were assumed." As usually
accepted, lod scores below -2 were assumed to
be evidence for excluding linkage, whereas lod
scores above 3 were considered to indicate
linkage.

MUTATION SCREENING
Primer pairs to amplify the coding regions of
the PDEG gene were designed from the
published sequences.25 PCR and SSCP analy-

.S --
n
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ses were performed as described previously,'4
using a silver staining protocol. Each PCR
fragment was analysed under three different
SSCP conditions, varying glycerol (O or 5%)
and acrylamide (8 or 12%) concentrations and
the running temperature (RT or 4°C).

Analysis of the chimerin gene was
performed using standard methods26 of
restriction digestion of genomic DNA fol-
lowed by Southern blotting onto Hybond-N+
membrane and hybridisation with a radiola-
belled cDNA probe (kindly provided by C
Hall).

9.
v a

Figure 1 The consanguineous P-2 pedigree segregating ARRP Haplotypes for markers on 2q and PCR analysis of
microsatellite D2S1 18 are shown.
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Figure 2 (A) Retinography of 14 and 15. In (top) pallor of the optic disc, arterial attenuation, and

pigmentary alterations in the perifoval region are evident. A perivascular pigment deposit is also observed. Note the

choriocapillaris atrophy allowing visualisation of the large choroidal vessels. In 14 (middle and bottom), although vessel

attenuation is not a.pparent, pallor of the optic disc and a similar macular alteration to that of 15 are present (middle); a
pigmentary deposit in the inferior retina can also be observed (bottom). (B) ERG patterns of II.10,11.14, and 11.15.

Retinal degeneration in the family follows the expected progression as is well illustrated in these three patients. A primary
scotopic hipovoltage is folowed by cone involvement: 14 has photopic ERG response well conserved, 11.10 shows slightly
decreased values, whereas 11.15 shows absent response. (C) Visual field ofpatient 11.14, right eye, showing loss of retinal

sensitivity in the far periphery.

Results
CLINICAL FINDINGS
We have studied a large consanguineous pedi-
gree in which RP segregates in an autosomal
recessive manner (fig 1). The clinical features
of the five affected subjects satisfy the current
diagnostic criteria for RP," in spite of a
relevant intrafamilial variability (table 1). The
disease leads to disturbances in both periph-
eral and central vision by the second decade of
life. Characteristic fundus changes, namely
disc pallor, retinal vascular attenuation, and
intraretinal pigment deposits in the mid-
periphery were observed in all affected sub-
jects although to different degrees (fig 2A).
Characteristic macular alterations were also
present. All patients except IL.10 and I1.14

showed extinguished rod and cone elec-
troretinograms. However, these two subjects,
aged 28 and 24 respectively, had rod ERG
responses which were significantly reduced in
amplitude (fig 2B). Cone response was also
decreased in II.10 but still well preserved in
II.14, thus confirming the primary alteration
of rods. Visual acuity was decreased in all
patients (ranging from 0.05 to 0.4), except in
II.14. Scotopic perimetry of this patient (fig
2C) showed alterations for most of the visual
field reaching a complete loss of retinal sensi-
tivity in the far periphery in both eyes. A
further clinical test of this patient included
EOG examination which gave an Arden ratio
of 2.2 (normal threshold 1.75), ruling out a
primary RPE dystrophy.
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Table 2 Two point lod scores (Z) between ARRP and markers on chromosome 2q in
family P-2. Maximum lod scores at corresponding recombination fractions are shown in
bold type

Recombination fraction (0)

Marker 0.00 0.01 0.05 0.1 0.2 0.3 0.4 Zmax Omax

D2S148 -_ 1.53 1.95 1.91 1.51 0.95 0.34 1.96 0.06
D2S364 4.03 3.93 3.55 3.07 2.15 1.26 0.43 4.02 0.00
D2S350 2.19 2.14 1.93 1.68 1.19 0.72 0.27 2.19 0.00
D2S318 1.99 1.95 1.76 1.54 1.10 0.68 0.25 1.99 0.00
D2S118 4.12 4.02 3.63 3.14 2.19 1.28 0.44 4.12 0.00
D2S389 4.12 4.02 3.63 3.15 2.20 1.29 0.44 4.12 0.00
D2S161 0.31 0.41 0.60 0.66 0.58 0.38 0.13 0.66 0.11
D2S117 -0 0.77 1.45 1.56 1.28 0.79 0.27 1.56 0.09

EXCLUSION OF CANDIDATE GENES AND LOCI

Initially, linkage was tested between the disease
and loci previously reported as the cause of
ARRP, ADRP, Usher syndrome, Bardet-Biedl
syndrome, or other retinal dystrophies (for a

comprehensive review see reference 28 and
citations therein). Candidate genes for retinal
eye disorders, including PDEB, RHO, RDS,
ROM1, RCV1, NRL, and PDEG, were also
evaluated. No evidence of cosegregation be-
tween the disease and any of the markers ana-

lysed was detected and significantly negative
lod scores were achieved, thus excluding the
region known to contain each locus.
The polymorphism within the gene for the

gamma subunit of the cGMP phosphodieste-
rase (PDEG) was not informative in this
family. Therefore, its coding region was

analysed by single strand conformation poly-
morphism (SSCP) and no aberrant pattern was
detected (data not shown).

SYSTEMATIC LINKAGE ANALYSIS

Subsequently, screening for linkage was per-
formed with markers randomly distributed
throughout the genome. After testing over 75
anonymous microsatellites, linkage was ob-
served with markers on chromosome 2q.
D2S 118, which has been localised by physical
methods to 2q32, yielded a maximum lod score

of 4.12 at 0=0.00, when the consanguinity loop
was taken into account. Other microsatellite
markers in the region were analysed and two
point lod score values are shown in table 2.
Haplotype construction using these markers
provided direct evidence of recombination
events that place the ARRP locus in the 11 cM
genetic interval defined by D2S 148 and
D2S1 17. Homozygosity mapping confirmed
the linkage data and reduced the ARRP locus
region to a 7 cM genetic interval, between
D2S 148 and D2S 161 (2q31-2q33) (fig 1).

CANDIDATE GENES ON 2q31-q33
We tested a three allele polymorphism within
the gene encoding S-antigen (SAG), initially
mapped to 2q24-37,29 and it failed to cosegre-
gate with the disease in family P-2. Further-
more, a refinement of the genetic22 and
physical30 localisation of the gene showed its
distal location in relation to the ARRP locus
described here. The candidacy of the chimerin
gene3' (located at 2q31-q32.1) was also evalu-
ated. Using the cDNA as a probe, Southern
analysis failed to show any gene deletions or

rearrangements in the affected subjects.

EVALUATION OF THE 2q32 LOCUS IN OTHER ARRP
FAMILIES
In order to determine whether other ARRP
families show positive lod scores for the 2q32
region, segregation of D2S 1 18 was tested in 47
small ARRP pedigrees. Slightly positive lod
scores were obtained in three families, whereas
involvement of the 2q32 ARRP locus was
excluded, either by linkage or homozygosity
analyses, in 44 pedigrees.

Discussion
Autosomal recessive retinitis pigmentosa has
been shown to present a high degree of genetic
heterogeneity, both allelic and non-allelic.
Thus, the systematic linkage approach for new
ARRP loci has the difficulty that pedigrees
must be analysed separately and are generally
not large enough to yield significant linkage
data. To date, genetic linkage analysis has only
been applied to four consanguineous ARRP
pedigrees, allowing the identification of three
loci on lp,12 lq,9 10 and 6p.'"
The nuclear family P-2 studied in this paper

is sufficiently large to enable genetic linkage
analysis. Linkage and homozygosity studies on
this family led us to map a new ARRP locus to
2q31-q33. No other significantly positive lod
score values were found with either of the
anonymous markers analysed. Furthermore,
most loci or genes reported to be involved in
retinal degeneration were excluded as the cause
of the disease in this family. Overall, our
screening included more than 100 markers.
The clinical complexity of RP, together with

the possibility of reduced penetrance, could
blur linkage studies. For a more stringent link-
age test, an affecteds only analysis was
performed by excluding the phenotype data for
all unaffected subjects. Even in this case,
significantly positive lod score values were
obtained (Zmax=3.12 at 0=0.00 at the
D2S1 18 locus).
The clinical heterogeneity found in affected

members of this family is remarkable, although
it is not an uncommon feature of RP. The seg-
regation of a protective allele at some other
locus or the influence of as yet unidentified
environmental factors or both could account
for the variability found.

Cosegregation and homozygosity data in 47
Spanish ARRP families show that the locus on
2q fails to explain most of the ARRP cases.
Using the same panel of families, we previously
reported that loci on 1 q and 6p are also minor
ARRP loci."3 These results add further evi-
dence of the high degree of genetic heterogene-
ity in ARRP.
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